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Electrical discharge machining (EDM) is a metal 
machining process that typically used for machining 
hard metals. EDM tool discharges thousands of 
electrical sparks to the conductive metal in 
machining it. This research discussed the concept 
and operation of wire cut EDM. The results reveal 
the advantages and disadvantages of using wire cut 
EDM in machining a spur gear. Although the EDM 
wire cut may require higher investment compared to 
other type of machining, it is still the most preferred 
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The electrical discharge machine is sometimes 
referred as wire erosion, spark eroding, spark 
machining, or die sinking. With the presence of the 
dielectric liquid, the work piece can be shaped into 
desired pattern by a series of rapidly recurring 
discharges between the two electrodes (Electrical 
Discharging Machining, 2013).  
 
Nowadays, the application of EDM is more complex 
and accurate from the past. EDM is a unique process 
studied in manufacturing technology area where 
there is no surface contact occurs between the tool 
and the work piece. As a result, no force conducted 
during the EDM process. Moreover, there is no 
rotation needed for neither tool nor work piece.  
Only an electrical tension is take place between 
them. The breakdown of the dielectric starts as the 
voltage provided becomes high enough and hence 
an ionized channel is created (EDM of Tool System, 
2007). In short, the EDM wire cut machine is 
operated by processing the conductive materials 
with series of sparks formed from the discharges of 
electrical. 
 
In order to have a better understanding on the 
concept and operation of the EDM wire cut 
machine, the study had been done by searching 
more information about this machining technique. In 
addition, the advantage and the disadvantages of the 
EDM wire cut machining technique can be defined 
after the knowing well the basic concept of the 
machine. By the end of the research, the results also 
can reveal the suitable products that can be 
processed by using this machining technique. 
 
2.0 LITERATURE REVIEW 
 
Electrical discharged is being spread widely since 
year 1770 when then erosive effect of electrical 
discharged was discovered by Joseph Priestly. 
While in 1943, Lazarenkos had successfully 
completed the electrical discharged process where 
two conductors are separated from each other by a 
non-conducting liquid film to act as the dielectric 
are made (S., Ishikawa, 2000). 
 
Application of an electrical potential between wire 
and work piece is the basic principal of EDM. Wire 
and work pieces are the initial setting in the creation 
of an ionized channel and cause the sparking occurs 
during the machining process. Implosion of the 
plasma channel is required. Material ejection 
happens when the process done. The temperature of 
EDM process is around 10.000 to 20.000 °C, while 
the pressures applied is within 40 bars (S., Ishikawa, 
2000). 
 
EDM can be divided into two types and one of it can 
be described by using a tool to disperse the electric 
current. This tool acts as a cathode, runs along the 
metal piece, the anode, and the electrical current 
reacts to melt or vaporize the metal. As a result of 
the dielectric fluid, all the little debris produced 
washes away from the piece. The second type of 
EDM is called wire cut EDM. Wire cut EDM 
discharges the electrified current by means of a taut 
thin wire, which acts as the cathode and is guided 
alongside the desired cutting path. The dielectric 
fluid submerges the wire and work piece, filtering 
and directing the sparks. The thin wire allows 
precision cuts. Thus, this heightened precision 
allows for complex, three dimensional cuts, and 
produces highly accurate punches, dies, and stripper 






In this study, we had searched from several 
resources in order to collect more useful information 
about the EDM wire cut machine. The first resource 
is the internet, we surf for numerical websites and 
summarized the most critical point and information 
for this study. Besides that, the video is also one of 
the useful resources for us to have clearer view 
about the operation of the machine. Nevertheless, 
we had read through some of the journals and 
articles to obtain more points of view about the 
EDM wire cut machine. Throughout the study, we 
had decided to choose one of the suitable products 
which is spur gear to be processed by using the 
EDM wire cut machine 
4.0 FINDINGS  
 
Basically the concept of Wire cut EDM system is 
using the Spark Theory. This theory was introduced 
long time ago. As the technology world improved 
from generation to generation, the theory applied 
now is more advanced. In the operation, the 
conductive materials are processed with a series of 
sparks formed from the discharges of electrical. 
When the electric current flows the sparks will occur 
in between a continuously moving wire and the 
work piece. The moving wire is acts as an electrode 
in Wire cut EDM machine. Wire cut EDM removes 
unwanted material from the work piece like any 
other machining tools. But, wire EDM removes the 
material with the electrical by means of the spark 
erosion. Hence, the material should be electrical 
conductive if it is used to be process by wire EDM. 
 
Besides, the discharge of high frequency pulses of 
current is required from the wire to the work piece 
through an insulated dielectric fluid. In this 
circumstance, a very small spark will gap within the 
water. Thus water can avoid heat build-up in the 
work piece. It is very important to have this cooling 
system instead of allow the thermal expansion of the 
part, because thermal expansion will affects the size 
and positional accuracy during machining process 
(Complete EDM Handbook, n.d.). 
 
The wire EDM machine is functioning with the 
present of the sufficient power supply. The fluid can 
be ionized once the sufficient voltage is applied. The 
controlled spark precisely erodes a small section of 
the work piece, causing it to melt and vaporize. The 
pressured cooling fluid, the dielectric, cools the 
vaporized metal and forces the solidified eroded 
particles from the gap. The work of wire EDM had 
shown as below: 
  
 
Figure 1: Conceptual work done by the wire electrode in 
the EDM wire cut machine 
 
In order to have a better picture of the operation of 
the wire EDM, the diagram below had visualized the 
wire EDM machine as a super precision band saw 
with accuracies to +/- 0.0001” (0.0025mm). The 
Figure 2 below had shown that the whole basic 
process in the EDM wire cut machine. 
 
 
Figure 2: Conceptual process in the EDM wire cut 
machine 
 
There are few major components in a Wire cut EDM 
system. First of all, the Computerized Numerical 
Control (CNC) is a key component in Wire cut 
EDM machine. It is acting like the human’s brain to 
manipulate the cutting movement of Wire cut EDM. 
It is very useful as there is a monitor which can 
displays and shows all relevant information like 
programs, machine coordinated, cutting speeds, 
graphics and forth. Furthermore, the control unit has 
a menu function designed to provide top priority to 
operability. The linked keyboard is used to key in 
characters and commands thus this system is easy to 
use for the operators to work quickly and also 
reduced their learning curve. Other functions for 
example the prevention of wire break, background 
editing, graphic display and others are included in 
Wire cut EDM machine too. 
 
Secondly, power supply is essential to generate and 
support the Wire cut EDM system with enough 
energy to the spark. Normally, it is functions like the 
human’s muscle. The power supply must make sure 
the Wire cut EDM machine can run smoothly. 
Generally, most machines are rated in order to 




of the cutting process is based on the work piece’s 
material, component’s thickness, diameter of wire, 
wire type, positioning accuracy and so on.  
 
Thirdly, there are mechanical sections such as work 
stand, work table, taper unit and also the wire drive 
mechanism. They are all the actual machine tool 
needed which act as the body of Wire cut EDM 
machine. Although they are parts of the mechanical 
sections, but their absent will affect the whole Wire 
cut EDM machine. Various types of wires are 
required to optimize the cutting speeds, the cutting 
of the large size tapers, cutting of the thick work 
pieces and other. The wire is one of the main 
components to operate the cutting process in Wire 
cut EDM. A good portion of the heat from the EDM 
spark will transport to this wire. In the same 
moment, it will carry away from the work area 
instead of using that heat energy to vaporize and 
melt the work piece.  Other than that, the demand 
for automatic wire threading and dependent 
reliability is improved and thus increase the cutting 
speed of the Wire cut EDM.  
 
Lastly, the dielectric system is the indispensable part 
of Wire cut EDM system, which it is conducted by 
the water reservoir where filtration, resistivity and 
temperature of the water that must be maintained 
during the cutting process. This water is actually the 
nourishment of Wire cut EDM machine, because the 
water helps to cool down the system. Consistently, a 
water chiller is acts as a standard equipment to keep 
the dielectric system; work pieces, work table, 
control arms, and fixtures thermally stable (Donald 
B. M., n.p.). 
 
4.1 Work Flow of EDM Wire Cut Machine 
 
Electrical Discharge Machining or EDM is a highly 
accurate method of part production. Wire EDM 
technology is essential for higher tolerance parts and 
repeatable tooling. Tolerances can be held to +/- 
.0002" in the temperature controlled facility. 
Therefore, our chosen product, spur gear, is shall to 
be produced by using the EDM wire cut machine. 
The basic work flow of the process had been shown 
as figure below. 
 
Figure 3: Work Flow of EDM Wire Cut Machine 
 
In general, the EDM wire cut machines are 
functioning with the present of the CNC controller 
which consists of the impulse power system and the 
CNC system. Both of the systems are equally 
important in order to produce a high quality product. 
The CNC system is basically composed of the 
programming system and control system which 
allow the machine work on the process based on the 
program that had been set. Whereas the impulse 
power system is the key assurance for the quality 
and machining performance as it will affect the 
machining speed and surface finish directly. Hence, 
it is important in the process of program preparation 
in order to have a high quality product under a 
controlled machining process. 
 
The next step would be the work piece preparation. 
As we mention before, the product that want to 
produce is the stainless steel spur gear. According to 
the diameter of the product, we should prepare a raw 
material that suitable to be used in the process. The 
stainless steel work piece that suitable to be used is 
showed as followed: 
 
Figure 4: Stainless steel work piece in 3-Dimensional 
diagram 
 
EDM wire cut machine is normally functioning with 
semi-automated system which the machine needed 
worker to tend some of the cycle in the process. In 
the process of EDM wire cut machine, the typical 
worker tasks are loading and unloading the work 
piece. The work piece is needed to be loaded into 
the machine by the worker as shown in the figure 
below. The work piece is required to be placed in 
the machine properly and accurately in order to be 
machined properly. The raw material is the 
rectangular size of stainless steel work piece. It is 
first clipped with the material holder in the working 
table in the machine. The dotted line shown in the 
Figure 5 is the cutting point for the wire electrode to 







Figure 5: Loaded work piece on the machine 
 
The wire cutting is always through the entire work 
piece. There is never any surface contact between 
the electrode and work piece. The wire is usually 
made of brass or stratified copper, and is between 
0.1 and 0.3 mm diameter. After the work piece is 
properly loaded on the machine, the machine will 
start to process. The work piece will be sinking into 
the de-ionized water so that the electrode wire can 
machine the work piece into a desire shape. All the 
processes are operated automatically by the machine 
according to the program that had been set by using 
CNC system. 
 
Figure 6: Work piece in the working table 
 
The spark is visible evidence of the flow of 
electricity and it is created between the electrode 
and work piece. This electric spark produces intense 
heat with temperatures reaching 8000 to 12000 
degrees Celsius, melting almost anything. The spark 
is very carefully controlled and localized so that it 
only affects the surface of the material. The EDM 
process usually does not affect the heat treat below 
the surface. With wire EDM the spark always takes 
place in the dielectric of deionized water. The 
conductivity of the water is carefully controlled 
making an excellent environment for the EDM 
process. The water also acts as a coolant and flushes 
away the eroded metal particles. After the 
machining process is finish, the product is needed to 
be unloaded by the worker and place it at a specific 
storage. The detail of the final product had been 
presented as figure below. 
 
Figure 7: Detail of the spur gear. 
 
4.2 Advantages and Disadvantages of EDM Wire 
Cut Machine 
 
As we know, there are many machining technique 
available to produce more desirable product. 
However, wire cut EDM machine has its own 
strength that is preferable to be used in most 
industries in producing a high quality product. For 
an instance, the different types of designs and 
patterns can be machined by using wire cut EDM 
machining. The products with complex shapes can 
be handled b 
y using EDM machining which would otherwise be 
difficult to produce with conventional cutting tools. 
Besides that, wire EDM also allow the hard material 
which is electrically conducted to be work in very 
close tolerances. It also manages to work on the 
work pieces that very small size, where conventional 
cutting tools may damage the part from excess 
cutting tool pressure (Electrical Discharging 
Machining, 2013). 
 
In addition, there are many manufacturers notice 
that there are many parts can be economically 
manufactured by using the wire cut EDM machine. 
Its advantage on the precision and high-speed of 
could be a preferable choice for most of the 
manufacturers if compare with other conventional 
machining. Furthermore, it is more efficient and 
effectively by using wires EDM as its high 
production capabilities. 
 
Moreover, one of the advantages of using the wire 
cut EDM machining is the ability of machining the 
extremely thin section. This is because the wire 
electrode in the EDM machine will not have surface 
contacts with the material that being cut. The cutting 
stress and resultant mechanical distortion can be 
eliminated because of the strength in wire cut EDM 
machining which is non-surface contact, force-free 
and metal-removing process. This machining 
technique able to cut the work piece with the perfect 




thin parts can be stacked and cut without leaving 
any burrs. As mention before, wire cut EDM 
machining is a method of machining parts that the 
tool does not has surface contact with the work 
piece, there are no cutting forces generated, 
therefore, very fragile parts can be machined and a 
good surface finish can be obtained (Benefits EDM, 
n.d.).   
 
The CNC computer-generated program is normally 
used to control the wire path in the machining. Its 
part accuracy can reach up to +/- .0001” (.0025mm). 
The wire EDM able to produce the dowel holes to 
be either press or slip fit. The additional work on the 
surface finishing process usually can be eliminated 
because of its extremely perfect finish work piece 
from the standard wire EDM process. It is able to 
possess a very high accuracy attainable and precise 
control of surface finish. Hence, wire EDM has no 
geometric limitation virtually. All the advantages of 
the wire EDM have shown that this method of 
machining is applicable and suitable for the product. 
The spur gear which needs a very precise of surface 
finish is suitable to be machined by wire EDM. It 
may produce the most perfect product by using the 
least time and cost consuming. 
 
However, wire EDM also includes some of the 
disadvantages such as the speed of material removal 
is slow. Besides, it can be dangerous in an industry 
because the use of combustible oil based dielectrics 
is a potential fire hazard. In the creation for the 
electrodes in the ram or sinker of EDM, it could 
consume a lot of time and cost. This may lead to a 
big lost for an industry. Reproducing the sharp 
corners on the work piece is difficult due to 
electrode wear. Besides, the using of wire EDM 
machine may lead to the high consumption of 
power. The work piece should be electrical 
conducted unless the electrically non-conductive 
materials can be machined only with specific set-up 
of the process. 
 
4.3 Suitable Product for EDM Wire Cut Machine 
 
The considerations of the products that suitable 
produce by EDM wire cut machine is the products 
material and their design. The considerations of the 
product material are the material must be electrically 
conductive. Toward that, there are many types of the 
material can be used to processed by the EDM wire 
cut machine as they are able to conduct the 
electricity such as aluminum, stainless steel, copper, 
titanium and etc. However, not all the conductive 
electricity material can cut by EDM wire cut 
machine, it is because the hardness of the material 
will affect the process of the cutting (Northwest 
Wire EDM, 2008). The material such as plastic is 
not suitable to be processed by this technique as it is 
not an electrical conductor.  
Although the EDM wire cut machine can produce 
the complex shape design of the product, but the 
product design also will become the considerations 
when the product to be process. The consideration 
of the product design is the product edges will have 
virtually no burrs and also the deep slots and narrow 
openings should be avoided (Wire EDM Cutting, 
2013). 
 
5.0 DISCUSSION & CONCLUSION 
 
Wire cut EDM machine, can be produced many 
parts economically. For an instance, precision gages 
and templates, keyways, shaft and collet slots, 
splitting tubes, gears, internal splines, extrusion 
dies, short run stampings from stacked material, and 
many other exotic shapes. It is ideal application for 
many types of work pieces to produce a desirable 
design or pattern. Wire EDM can process the 
material with different thickness. It is able to cut the 
materials from only a few thousandths of an inch to 
several inches where the custom tooling is generally 
not needed. Wire EDM machine able to handle the 
parts that require the ‘teeth’ tolerances. Our chosen 
product, which is a spur gear, is require to have a 
good surface finish and precise teeth tolerance for 
the finishing product.   
 
There are numerical advantages in using the wire 
EDM machine as an alternative to produce the spur 
gear. By comparing to the traditional machining, 
wire EDM able to handles the delicate tasks by cut 
and drill the hard materials. On the other hands, the 
traditional machining method has slower cutting rate 
and easily cause the electrode wear. Since our 
chosen product is a stainless steel spur gear, it 
requires a highly accuracy product finish. Thus, wire 
EDM is preferable to be used compared to other 
traditional machining.   
  
Nevertheless, the EDM wire cut is a precious cutting 
process. Thus, EDM wire cut can processes critical 
cut with the help of CNC system. Besides, the 
machining process of the EDM wire cut has no 
surface contact with the work piece during the 
cutting process. Furthermore, the heat produced 
during cutting process is reduces with the cooling 
system. As a result, the product produced by EDM 
wire cut has a perfect surface outlook, where it does 
not need to continue with finishing process to clean 
up its surface. In other words, there is not require of 
either property enhancing nor surface processing 
since the final product will has a good surface 
finish. 
 
Although EDM wire cut may require higher cost if 
compare to other simple cutting methods, but it is 
worth to be invested and it is also more preferable in 
large and heavy manufacturing industries in the era 




applications of EDM wire cut become more 
advanced and get continuous improvement from 
time to time. Hence, EDM wire cut can be 
implemented widely to produce more precise and 
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